Objective: The purpose of the study was to evaluate the infrastructure facilities of clinical trial units in Turkey to create descriptive information and perform a pilot strengths, weaknesses, opportunities, and threats (SWOT) analysis that describes the strengths to match them with the opportunities and aims to reduce weaknesses and threats.
INTRODUCTION
The number of clinical trials conducted in Turkey is increasing. From 2011 to 2016, the total number of clinical trials increased by almost 2.3 fold, from 978 to 2233. In addition, Turkey's rank increased from 36 th to 31 st on the global scale for the total number of clinical trials conducted per country (1). While regulations, human resources, and infrastructures of Turkey are considered promising for further development of clinical research, this development potential has not been realized as expected (2) . The current status and weaknesses have been expressed by several government agencies and nongovernmental organizations, as summarized below:
• The lack of applied or clinical research capacity in universities (3) .
• The lack of academic activities of the faculty, such as designing projects in cooperation with the industry, patenting, and providing commercialization services (3) (4) (5) .
• Insufficient infrastructure to design and conduct multidisciplinary projects in universities (3, 5) .
• Inefficient working of the Technology Transfer Offices (3) (4) (5) (6) .
• The lack of partnership among public sector, industry, and universities regarding Research and Development (R&D) activities and production (3-5).
• The frequent legislative changes without transition periods (3, 4).
• The absence of capacity to produce revenue from patent rights to improve the global competitiveness of Turkey (3, 4) .
• The lack of specialty trainings and recruitments to ensure a qualified labor force (3) (4) (5) The lack of data infrastructure for clinical research coordination (6).
•
The lack of incubation and innovation units for medical device development (7).
• The need for a legal framework for intellectual property rights (5, 7).
• Insufficient capacity of accredited analysis and testing laboratory services (5, 7).
The absence of national biobanks and related legal framework (5).
To overcome the above mentioned weaknesses and problems, clinical research experience, capacity, and proposals of units, which play a direct role in clinical trials, are important (8) . A clinical trials unit is defined as "an entity composed of an administrative component and one or more clinical research sites that contribute to a network by conducting clinical trials" (9) .
In this study, a pilot survey among clinical trial units, which signed the collaboration agreement with Turkish Clinical Research Infrastructure Network (TUCRIN), was implemented to evaluate the current clinical research capacity and environment in Turkey with respect to clinical trials units.
METHODS
Ethics committee approval was granted by Dokuz Eylul University Ethics Committee for Non-Interventional Studies (2015/17-32, July 9, 2015) . This study was conducted with data that were voluntarily provided by nine clinical trial units within the scope of the collaboration agreement signed with TUCRIN between April 2013 and December 2016 ( Table 1 ). The data were provided via a survey with primary objectives of (a) setting partnerships in multinational clinical trials and (b) improving the national clinical research environment according to the objectives of TUCRIN (10).
The survey was designed to obtain descriptive information regarding clinical trial units and a strengths, weaknesses, opportunities, and threats (SWOT) analysis of clinical research in Turkey. Open-ended, closed-ended, and multiple choice questions were used. These questions covered the topics of the number of clinical trials, characteristic of volunteers, research areas and types, types of sponsors, research staff, services provided by units, quality management system, and a SWOT analysis section. A survey covering these questions was created with online Google Forms application in Turkish. The online survey invitation was sent to the unit representatives with an email link after a brief telephone interview. The survey is currently available online on the TUCRIN website (http:/ /tucrin.deu.edu.tr) with open access for further collaborations (https:/ /goo.gl/UFD0hZ).
Descriptive statistics was used to summarize infrastructure and capacity questions. Mean and median (min-max), as measures of central tendency, was calculated to interpret current data. Data, including research areas, services provided by units, and research types, were expressed as frequencies and percentages. Google Docs application was used for data analysis. SWOT analysis data were interpreted by two investigators for relevance and were summarized as a narrative list. According to the privacy policy of the survey declared and bilaterally agreed, the collected data from clinical trial units were pooled and anonymously presented.
RESULTS
The median number of clinical trials conducted per unit in the previous year was 12 , whereas the median number of currently ongoing clinical trials was 10 (1-59). Research participants of the units included both healthy volunteers and patients. Most clinical trials conducted focused on five main areas, including pediatrics, genetics and molecular biology, neurology and psychiatry, cardiology, and oncology and hematology, whereas no unit was involved in clinical trials for rare diseases.
Interventional and observational studies were conducted by the units, with the predominance of Phase IV and vaccine studies ( Table 2) . Of note, one unit also had experience with biosimilars studies. When the dissemination of clinical trials was assessed, 77.8% of units conducted national single-center trials, whereas 55.6% of units conducted multinational trials and national multicenter trials. Furthermore, 55.6% of units received industry funds for clinical trials, whereas 88.9% of units received public funds.
While principle investigators and physicians are the most encountered personnel involved in clinical trials, a limited number of study nurses, pharmacists, and technical staff participate in the study teams ( Table 3 ).
The five most common services provided by clinical trial units are applications to the Ethics Committees and Ministry of Health, data analysis, clinical research design/ preparation of protocol, biological sample storage, and adverse event reporting (Table 4) .
Six units have implemented a quality management system, and five of these units have a quality management representative; nevertheless, none of the clinical trial units have a quality management system certificate. According to the results of the SWOT analysis, most encountered "strengths" are reported as regulatory framework that is compatible with the European Union standards, high-potential healthy volunteers and patients, and presence of qualified investigators (Table 5 ). Other labeled "strengths, " "weaknesses, " "opportunities, " and "threats" with suggested future actions that were matched with weaknesses and threats are also shown in Tables 5 and 6 .
DISCUSSION
The number of clinical trials conducted varied over a wide range of clinical trial units. Most clinical trial units have conducted national single-center trials, with most receiving public funds. It was also revealed that physicians were mostly involved in clinical trials, and the number of nonprofessional healthcare personnel was limited. Application to the Ethics Committees and Ministry of Health was the most provided service among clinical trials units. None of the clinical trial units had a quality management system certificate.
While the expertise of the units covered a wide range of disease areas, none of the clinical trial units had any experience with rare disease research. Rare diseases are of importance for public health and there is an ongoing need for national networks to support research on rare diseases in Turkey (11) . In this case, TUCRIN should involve units with rare disease experience for a better national representative.
Most clinical trials services were provided by the majority of units, whereas monitoring service was provided by only one unit, and the median number of monitors employed in the units is zero. The reason for this could be that study monitors are employed by sponsors and contract research organizations. Increasing number of clinical trials requires qualified research personnel performing monitoring activities. Government agencies and nongovernmental organizations could have an important role in organizing training programs for clinical monitoring in academic units (2) . TU-CRIN may also lead training efforts through university-industry partnership.
The evaluation of personnel involved in clinical trials also showed that there is a need for nonphysician personnel in the units. It is a remarkable point that the median number of statisticians employed in clinical trials units is zero. Statistics is considered to be a valuable contribution to research in optimizing the design, analysis and interpretation of results, and drawing conclusion. Clinical trial units should be supported by a department of biostatistics, or similar departments in their institutions (12) . There should be a recommendation to prepare a job de- Most units have a quality management representative and their own quality documentation. However, none of them has a certificate for their quality management system. The units are aware of the need to have a quality system during the stages of clinical trials (13) . ISO 9001 certification is applicable to all services provided by the units. The scope of the certification could include "The planning and management of clinical trials." This certification enables the units to obtain external recognition. Other benefits obtained by units could include improved image and service quality (14) .
Similarities were found between the current status of clinical research infrastructure in Turkey and the identified weaknesses and threats of the current clinical research environment (Tables 5 and 6 ). The negative approach of the public to participate in clinical trials was a common answer as a weakness that is parallel with the current status of the clinical research infrastructure of Turkey. The lack of clinical research capacity, unstable regulatory environment, financial issues, inefficient training programs for clinical trials, insufficient research units, and lack of qualified research personnel were other similar points between the current status of clinical research infrastructure in Turkey and Tables 5 and 6 . Furthermore, several funding programs for clinical trials, regulatory framework that is compatible with the European Union standards, and presence of qualified investigators are identified as strengths that show an inner inconsistency with the weaknesses of the current clinical research environment.
Study Limitations
The data obtained from nine clinical trial units represents the scope of collaborations of TUCRIN, limiting the generalization of the study results to the whole clinical research infrastructure in Turkey. This limitation suggests the need for the evaluation of the clinical research capacity and environment in Turkey out of the TUCRIN scope.
In conclusion, as these weaknesses and threats with the data provided by the units are consistent with the concerns expressed by the national policy makers, suggestions expressed in the survey to improve the clinical research capacity and environment in Turkey should be considered for future actions. Continuous monitoring of the state of clinical research units in Turkey would also prove beneficial to identify ongoing needs. Stakeholders and policy makers participating in clinical research should continue to implement actions to strengthen the national clinical research infrastructure in Turkey.
